Introduction
============

*Salmonella enterica* serotype Enteritidis (*S.* Enteritidis) is one of the most important serotypes causing human gastroenteritis outbreaks worldwide during the last few decades. Animals and their products, particularly meat and eggs from chicken, were considered major sources of infections with this pathogen for human \[[@B17]\]. Because of the importance of *Salmonella* in food-borne diseases, many typing methods have been used to trace the outbreaks to the contaminated source and to elucidate the epidemiology of its infection \[[@B7]\]. Traditional subspecific typing methods include phage typing \[[@B14], [@B18]\], plasmid profiling \[[@B21]\], multilocus enzyme electrophoresis \[[@B5]\], ribotyping \[[@B11]\] and pulsed field gel electrophoresis (PFGE) \[[@B20]\].

PCR-based fingerprinting is a simple and easily applicable typing method that is potentially available to any laboratory. Families of short repetitive DNA sequences are dispersed throughout the genome of diverse bacterial species \[[@B13]\]. Three families have been studied in more detail including *Escherichia coli* and *Salmonella*, namely the 35 to 40 bp repetitive extragenic palindromic (REP) sequence \[[@B4]\], the 124 to 127 bp enterobacterial repetitive intergenic consensus (ERIC) sequence \[[@B3]\] and the 154 bp BOX elements \[[@B9]\]. The actual function of these elements have not been fully known although their involvement in stabilizing mRNA, chromosome organization and binding of DNA polymerase I has been suggested \[[@B6]\]. Widespread distribution of these repetitive DNA elements in the genomes of various microorganisms should enable rapid identification of bacterial species and strains, and were also useful for the analysis of prokaryotic genomes \[[@B23]\]. In this study, 22 S. Enteritidis isolated from human and chicken were fingerprinted by repetitive sequence PCR (rep-PCR) using ERIC and BOX primers to assess genetic relationships between strains of *S.* Enteritidis from different sources. Also, their antibiotic resistance and plasmid profiles were included.

Materials and Methods
=====================

Bacterial strains
-----------------

A total of 22 *S.* Enteritidis strains were analyzed in this study ([Table 1](#T1){ref-type="table"}). Ten strains from chickens were isolated from feces of chickens in 3 slaughterhouses, and twelve strains were isolated from fecal samples of 12 food-poisoning outbreaks in Gyeongsang province between 2001 and 2002. All strains were confirmed as *S*. Enteritidis by conventional biochemical test \[[@B12]\] and serotyped with respect to cell wall (O) and flagella (H) antigens (Difco, USA).

PCR
---

PCR was performed essentially as described by Versalovic et al. \[[@B23]\] with minor modifications. For DNA isolation, 2-3 individual colonies were suspended in 500 ml of distilled water. They were boiled for 5 min, and centrifuged at 8,000 × g. The supernatant was used as DNA and stored at -20℃ until use. Primers included ERIC1R (5\'-ATG TAA GCT CCT GGG GAT TCA C-3\'), ERIC2 (5\'-AAG TAA GTG ACT GGG GTG AGC G-3\') and BOXA1R (5\'-CTA CGG CAA GGC GAC GCT GAC G-3\'). PCR mixtures were prepared in a 25 ml volume containing 2 ml DNA of each isolate, 20 pmol of each primer, 1.25 mM deoxynucleoside triphosphates and 2 U of *Taq* DNA polymerase (Bioneer, Korea). Amplifications were performed with a UNO II DNA thermal cycler (Biometra, Germany). For the ERIC primers, PCR cycles used were as follows: 1 cycle at 95℃ for 7 min, 30 cycles at 94℃ for 1 min, 52℃ for 1 min and at 65℃ for 8 min. For the ERIC primers, 1 cycle at 95℃ for 7 min was followed by 30 cycles at 94℃ for 1 min, 53℃ for 1 min and at 65℃ for 8 min. After reactions, 10 ml of PCR products were separated on 1.2% agarose gel. The gels were electrophoresed at 4℃ for 10 h at 70 V and stained with ethidium bromide.

Antimicrobial susceptibility test
---------------------------------

Isolates were screened for antimicrobial susceptibility test by an agar diffusion disk method performed on Muller-Hinton agar plates (Difco, USA) \[[@B1]\]. The antibiotics tested were as follows: amikacin (AK; 30 µg), ampicillin (AM; 10 µg), cephalothin (CF; 30 µg), colistin (CL; 10 µg), erythromycin (ER; 15 µg), gentamicin (GM; 10 µg), kanamycin (KM; 30 µg), nalidixic acid (NA; 30 µg), neomycin (NE; 30 µg), penicillin, (PE; 10 U), polymyxin B (PB; 300U), streptomycin (ST; 10 µg), sulfamethoxazole (SX; 300 µg) and tetracycline (TE; 10 µg).

Plasmid DNA extraction and pattern analysis
-------------------------------------------

An overnight culture of *S.* Enteritidis strains in Luria Bertani (Difco, USA) broth at 37℃ was harvested and the cell pellets were subjected to cell lysis, DNA extraction and agaroge gel electrophoresis using plasmid DNA isolation kit (Bioneer, Korea). Band patterns for rep-PCR products and plasmid DNA of each isolate were analyzed using Analysis software (Biometra, Germany), and a tolerance of 5% in the band position was applied. Isolates were considered to have the same electrophoretic profile when their band patterns were identical. Minor differences in band intensity were not considered.

Results
=======

A total of 22 *S.* Enteritidis strains were analyzed by rep-PCR. DNA fingerprint patterns for S. Enteritidis isolates generated by rep-PCR with ERIC primers showed the identical patterns between isolates from human and chicken sources except one isolate, SC04 ([Fig. 1A, B](#F1){ref-type="fig"}). Each isolate approximately contained between 9 and 10 bands with band sizes ranging from 230 bp to 1,000 bp. [Fig. 2](#F2){ref-type="fig"} showed the DNA fingerprint patterns of 10 *S.* Enteritidis isolates from chickens obtained with BOX primer, all showing the same patterns except one isolate (SC04). Twelve isolates from human outbreaks also represented the same patterns with those from chickens (data not shown). Each isolate approximately contained between 14 and 15 bands with band sizes ranging from 450 bp to 2,500 bp. The reproducibility of fragment patterns was stable and reliable when a duplicate analysis of these isolates was performed under identical conditions of template preparation and electrophoresis.

Eleven of 22 *S.* Enteritidis isolates (50%) were resistant to more than one antibiotics. Also, 11 isolates were characterized by 4 resistance patterns. The most common pattern was PE resistant (63.6%). Only one isolate from chicken showed a multiple drug resistance (MDR) pattern to 4 antibiotics (ST, TE, PE and AM). Two isolates with 3 antibiotics resistant to ST, TE and PE were originated from chicken. Twenty-five and 80% of strains each from human and chicken were sensitive to all antibiotics tested. [Table 2](#T2){ref-type="table"} indicates the number and sizes of plasmids from each *S.* Enteritidis. All 22 *S.* Enteritidis isolates harbored more than two plasmids. Eight different plasmid profiles, each including two to six plasmids with approximate molecular size ranging from 1.9 to 21 kb, were found. A band of 15 kb size was detected in all isolates tested, but the band sizes of smaller than 15 kb were found only in isolates from chicken.

Discussion
==========

There have been reports of using rep-PCR fingerprinting technique as an epidemiological tool for several bacterial pathogens. Dombeck et al. \[[@B4]\] reported that the DNA band patterns obtained with BOX primer almost completely separated the human isolates of *E. coli* from the non-human isolates. Jersek et al. \[[@B8]\] used rep-PCR for typing *Listeria monocytogenes* strains isolated from humans, animals and foods. Johnson et al. \[[@B9]\] also defined the potential utility of rep-PCR using ERIC primers as a subspecific typing method for *Salmonella* subspecies. In this study, 22 *S.* Enteritidis isolates from human and chicken were characterized by rep-PCR methods using ERIC and BOX primers to assess genetic relationships among strains of different sources. Both the ERIC and BOX PCR amplification data revealed the highly genetic homogeneity between isolates from human and chicken except one isolate, which was originated from chicken and showed a different DNA band pattern. We, unfortunately, have no information on epidemiological data on this isolate. It, however, could be concluded that the food-poisoning endemic was caused by a geographically specific *S.* Enteritidis clone. Also, it might be suggested that the clone was originated from the contaminated chicken products, such as chicken meat and eggs, considering the fact that major source of food-born gastroenteritis in human infections with this pathogen was from animal, particularly chickens \[[@B17]\]. Weigel et al. \[[@B24]\] reported the greater discriminative ability of rep-PCR for genotyping of *Salmonella* subspecies when compared with PFGE given the equal high reliability of both genotyping methods. Further work on these *S.* Enteritidis isolates with PFGE tool is underway to compare and elucidate their genetic relationships with PFGE technique.

Considering the marked importance of *Salmonella subspecies* as food-born pathogen and the worldwide emergence of multi-drug resistant *Salmonella* strains \[[@B10]\], this study screened the antibiotic resistance profiles of S. Enteritidis isolated from human and chicken. The resistance profiles showed relatively simple but different patterns between them. Nine of 12 isolates (75%) from human were resistant to PE, of which two isolates were resistant to additional AM. Only two isolates from chickens were resistant to ST, TE, and PE, of which one isolate showed an additional AM resistance. Yang et al. \[[@B25]\] reported that 13 of 14 *S.* Enteritidis isolates from chicken layer between 1995 and 1999 were resistant to SU and that only one isolate was multi-resistant to ST, TE, AM and TE. All isolates, however, were sensitive to SU in this study. Also, results of antimicrobial sensitivity test for isolates over 27,000 cases of human salmonellosis in 2000 in 10 European countries indicated that *S.* Enteritidis isolates were the most resistant to NA, ST and AM in order \[[@B19]\]. This was different from the results with all isolates from human being sensitive to AM in this study. Rankin and Coyne \[[@B15]\] raised attention of the emergence of multiple antibiotic resistance in *S.* Enteritidis due to the presence of class I integrons, which have the ability to disseminate the multiple resistance through broad host-range plasmids. It seems that we also need to pay attention to the emergence of these multiple resistant *S.* Enteritidis isolates in human and animal outbreaks.

The plasmid profile has been used in epidemiological studies of *S.* Enteritidis \[[@B16]\]. A total of eight plasmid patterns were obtained in this study. The molecular size of the plasmids ranged from 1.9 to 21kb. The band numbers for these patterns were from 2 to maximum of 6. All *S.* Enteritidis isolates harbored a 15kb size band. Bichler et al. \[[@B2]\] have reported the presence of a 54-57 kb *S.* Enteritidis serotype-specific plasmid (SSP), which was not detected in this study. It should be noted that considerable size errors could be generated from different laboratories due to the plasmid methodology \[[@B22]\]. It was, however, notable that band sizes of smaller 15kb were detected in 4 of 10 isolates from chicken, which were not found in those from human. Further work will be needed to find whether these unique plasmid bands can probably be used as epidemiological markers to trace the source of *S.* Enteritidis infection.

![DNA fingerprint patterns of *S.* Enteritidis strains from human (A) and chicken (B) by rep-PCR with the ERIC primers. (A) M, 100 bp ladder; Lane 1-12, SH01-SH12 in order. (B) M, 100 bp ladder; Lane 1-10, SC01-SC10 in order.](jvs-7-37-g001){#F1}

![DNA fingerprint patterns of 10 *S.* Enteritidis strains from chicken by rep-PCR with the BOX primer. M, 100 bp ladder; Lane 1-10, SC01-SC10 in order.](jvs-7-37-g002){#F2}
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Antibiotic resistance and plasmid profiles of 22 *S.* Enteritidis isolates
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^\*^PE: penicillin; AM: ampicillin; ST: streptomycin; TE: tetracycline.

-: Sensitive to all antibiotics tested.
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